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As is known, copepods play an important role in the nutrition 
of fish. Therefore with a view to facilitating research on the 
study of the quantitative side of feeding, there have recently 
appeared a considerable number of papers devoted to the development 
of methods for determining the wet. weight of these crustaceans. 
Certain, authors (Ulomskii, 1951, 1955; Lubny-Gertsyk, 1953; 
Mordukhai-Boltovskoi,1954; Braginskii, 1957; Sushchenya and Vetrova, 
1957; Kukina, 1957 and others) making use of the developed methods 
of weighing, determined mean wet weights of various representative 
aquatic organisms, among them copepods; on the basis of these weights 
it is possible to obtain data on the biomass of food organisms in 
water-bodies and to re—establish the weight of individuals swallowed 
by fish. The efforts of other researchers (Kamshilov. 1951; 
Shcherbakov, 1952) were directed to clarifying the principle of 
correlation between length and wet weight of the crustaceans; 
formulae are given by them by the aid of which, by the length of the 
body, the weight of the copepods can be determined. 
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For the further facilitating of research in the nutrition of 
fish it would be of great interest to clarify the problem, is there 
not some kind of rule in the growth of the crustaceans during metam-
orphosis, and if there is such a rule is it not possible, to determine 
the length of the larvae at each stage, not by measuring them, but 
by using the formulae derived on the basis of these rules. 
As far as we know, the attempt to clarify the rule of growth 
of copepods was made by Sewell (1912) on marine, and Gurney (l93l) 
and Comita (1959) on freshwater crustaceans. Sewell established 
that the coefficient of growth ("growth factor") agreed with "Brook's 
Law," by which in the period of larval growth the length of the organism 
at each stage increases with each moult by a fixed percentage, which 
appears approximately of constant value for a given species and sex. 
(Fowler, 1909). According to this law, with each successive moult 
the organism normally increases in length 1.25 times. 
Already it can be said a priori, that this rule is hardly completely 
applicable to free living freshwater copepods. In nature it is often 
observed, that from eggs of one and the same size of any species develop 
adult organisms sharply differing in their length. Thus, for example, 
we have repeatedly observed that populations of Hemidiaptomus 
amblyodon in separate pools, sometimes arranged close to one another, 
strongly differ in the size of individuals. This apparently should 
be explained by the influence of different conditions of the habitat, 
primarily, of course, trophic. On the other hand, cases can also be 
observed when from eggs of different sizes develop adult individuals 
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of equal length, or even when from larger eggs develop smaller 
individuals. 
Undoubtedly, with different representatives of the Copepoda, 
the rate of growth is different, and the coefficient of growth 
depends both on the species characteristics and on the number of 
the stage and on the living conditions in the period of metamorphosis, 
and therefore even in one and the same species the coefficient of 
growth may not be constant. Certain authors in connection with 
different groups of arthropods have established that the coefficient 
of growth during their transition from one larval stage to another 
strongly varies from less than 1 to 2 (Gurney, 1929, 1931 and Comita, 
1956, for copepods; Rammner, 1928, for cladocerans; Fowler 1909, for 
ostracods; Calvert, 1929 for dragonflies, and others) However, for 
freshwater Copepoda, according to Gurney, it does not exceed 1.4. 
If it is accepted unconditionally that with each succeeding 
stage the crustacean increases in length by the same proportion, then, 
knowing the mean length of the larva at any stage of development of 
any species of copepod in any water-body and utilizing this coefficient 
of growth, it is possible to determine the mean lenth of crustaceans 
at all other stages of growth. By the length obtained it is possible 
to determine the mean weight of crustaceans at each stage, utilising 
the formulae put forward by M.M. Kamshilov (1951) and A.P. Shcherbakov 
(1952). 
Ideally, i.e. under conditions of uniform growth, when the 
coefficient of growth of any species between all stages of development 
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is constant, it is not difficult to see that the value of the 
coefficient must depend on the relationship of the length of the 
eggs and the length of the mature individual. If the eggs are large, 
but the adult individual is small, then the mean coefficient of growth 
will be less than in the case of ve ry small eggs from which, however, 
develop larger crustaceans. Such a mean coefficient of growth is easy 
to determine by the obtained mean value of the length of the egg-bearing 
females (and at the same time the mature males) and the eggs. 
Let us assume that, in the water-body we determine the mean size 
of the egg-bearing females (A) and the mean size of the eggs of these 
females (a). The length of the nauplius I stage (b) will be equal 
to the length of the egg (a) multiplied by the coefficient of 
growth (x), i.e. b1=ax; the length of the nauplius II stage (b2) wall 
be equal to the length of nauplius I stage, multiplied by the 
coefficient of growth (x), i.e. 
b2= (ax)x=ax2; accordingly, we obtain the length of the nauplii 
of the remaining stages and the Copepodites: b3= (ax2) x=ax3 ; b4=(ax3)x=ax4; 
b5=(ax4)x=ax5.... b12=(ax11)x=ax12. Substituting in place of b12 
the mean size of egg-bearing females, we obtain the equation 
A = ax12, 
where: A - mean size of egg-bearing females, mm or %, while 
the mean length of the females is taken as 100% 
a - mean diameter of eggs, mm or % of the length of the fem l s x co f icien of growth 
The coefficient of growth is determined from the formula 
Knowing the coefficient of growth, it is possible to determine 
the mean length of crustaceans of a given population at any larval 
stage by the formula 
where bn = mean length of crustacean, mm or %, at any stage. 
a = mean diameter of egg, mm or % of length of female 
x = coefficient of growth 
n = ordinal number of stage, while nos. 1-6 represent 
I-VI naupliar stages, nos. 7-11, I-V Copepodite 
stages, no. 12, mature female and male. 
Utilizing these formulae, we calculated the coefficient of 
growth, of crustaceans in which the mean length of the eggs made up 
5, 10, 15 and 20% of the mean length of the egg-bearing female, and 
obtained the following figures: 1.283; 1.212; 1.170; 1.144. As we 
see there is observed a lessening of the mean coefficient of growth 
with comparative increase in the diameter of the eggs. Calculated 
on the basis- of these values, the length of the crustaceans at all 
larval stages in percentage of the eggbearing females was plotted 
in fig. 1, showing the trend of the curve of growth of the 
crustaceans. 
In order to clarify the applicability of this formula for our 
purpose, we collected literary material on the growth of freshwater 
copepods from the egg to the mature female and male, supplemented 
by our own data obtained in the basic way of measuring the larvae 
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at all stages of development in samples (of course, only in such 
where it was known that only one determined species of copepod was 
met). Unfortunately, it was not possible in all cases to show the 
diameter of the egg, especially in such species of Copepoda which 
do not bear egg sacs and. deposit the eggs directly in the water; in 
such cases the relative dimensions of the egg can be approximately 
determined by comparison with the length of the larva of the I 
naupliar stage. 
The collected material is presented in a table (pp. 190-192), 
where in the second column is shown the length of the individual in 
millimetres, in the third, the length of the same individual in 
percentage of length of the egg-bearing female, in the fourth, the 
coefficient of growth at the transition from one stage to another. 
Seen is the arrangement in a series of the increase of relative 
diameter of the eggs - from 4.2 to 18.3%. The figures included in 
square brackets were obtained by extrapolation. 
Analysis of the data contained in the table lead to the following 
two basic conclusions: 
1. An inverse relationship is observed between the relative 
dimensions of the egg and the coefficient of growth, 
i.e. with increasing-relative length of egg the mean 
coefficient of growth is reduced, while the figures agree 
fairly well with the figures obtained by the formula. 
2. The coefficient of growth of the crustaceans during the 
transition of them from one larval stage to another varies 
strongly (from 1.03 to 1.50) owing to both the irregularity 
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of growth and methodical errors. 
In order to present more clearly a measure of the divergence of 
the experimental curve of growth from the calculated, we considered 
(it) expedient to present for comparison a series of graphs. Similar 
comparisons of growth curves for various species of Copepoda are presented 
in figs. 2-6 
The greatest agreement of the experimental and calculated curves 
(fig. 2) is observed in the forms dwelling in small water-bodies of 
the type of ponds often drying up in summer. Evidently, abundance 
of food during all the period of metamorphosis and rapid growth 
guarantees more equal increase in length of each stage. 
In fig. 3 are presented the growth curves of lacustrine species 
of Calanoida (L. Sevan, Taksheprinsk Reservoir). While in 
Arctodiaptomus spinosus the growth curve almost fully agrees with 
the curve calculated by the formula, in the other three species 
there is a noticeable divergence of the curves, explained by the 
retarded growth in the naupliar stages, and on the other hand, 
increased growth in the Copepodite, stages, The cause of this, 
evidently, one must look for in the different trophic conditions. 
According to the data of T.M. Meshkova (1935), the development of 
all naupliar stages and the three first Copepodite stages 
of A. spinosus takes place in summer time, when there is a sufficient 
quantity of food in the water-bodies, and only the development of 
later Copepodite stages takes place in autumn and winter. The full 
development of Arctodiaptomus bacillifer and Acanthodiaptomus 
denticornis requires 9-10 months, because favourable periods with regard 
to trophic conditions alternate with adverse, and this, naturally, 
reflects on the course of the growth curve. 
In figs. 4 and 5 are represented growth curves of different 
representative genera Cyclops, Eurytemora and Calanipeda; in general 
these curves approximate to the curves, obtained by the formula, 
especially if one takes the mean value of all species. 
The growth curve of Limnocalanus johanseni from Alaska goes 
significantly higher than the corresponding calculated curve 
(fig. 6), but our incomplete data on the growth of. L.macrurus from 
Belorussian lakes tells us that this form develops more regularly. 
Not excluded is the possibility of some methodical errors in Comita 
(1956) with the; determination of the stages of development and the 
measurement of the length of L. johanseni. 
A curve, constructed on the basis of the mean values of all 
quoted material (with the exclusion of A. spinosus, the relative 
dimensions of the eggs of which were significantly greater than in 
the other species), almost completely agreed with the curve 
calculated by the corresponding dimensions of the eggs. (fig. 7) 
Conclusions. 
The mean coefficient of growth of freshwater copepods in 
their transition from one larval stage to another depends on the 
ratio of the mean diameter of the eggs to the mean length of the 
egg-bearing females. 
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The coefficient of growth at different stages diverges to one 
side or other from the mean coefficient. This divergence is explained 
on the one side by irregularity of growth in relation to living con-
ditions (basically trophic) in the period of metamorphosis, on the 
other side, by methodical errors in determination of the stages of 
development, measurement of the crustaceans, and also from the number 
of measurements or individuals of each stage. 
The growth curves of different species of freshwater Copepoda, 
obtained on the basis of experimental observations in cultures or 
by way of measurement of mass material at all stages of development 
in samples from water-bodies, in the majority of cases nearly agree 
with the curves calculated by the formula, or insignificantly diverge 
from them. This circumstance permits in the study of the nutrition 
of fish the utilisation of the suggested formula for determination 
of the length of the larvae at all stages of development by the mean 
diameter of the eggs and the mean length of the egg-bearing females. 
Possible errors in the determination of stages of development, the 
measurements of individuals at these stages and from the number of 
measurements can exceed the errors possible with the utilization of 
the suggested formula. 
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Length and coefficient of growth of different representative Copepoda 
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